The EMBO Journal (2013 Journal ( ) 32, 3116-3118. doi:10.1038 Journal ( /emboj.2013 Published online 12 November 2013 Amphisomes are intermediate organelles, formed during autophagy through the fusion between autophagosomes and endosomes. Complex multivesicular vacuoles that resemble amphisomes have been observed in various cell types, but whether they have cellular roles other than being a precursor structure is still enigmatic. While autophagy-related (ATG) proteins interact with the endocytic pathways in other processes different from autophagy, Patel and colleagues now report that these factors come together to generate amphisome-like compartments that regulate mucin secretion in goblet cells.
ATG and endosomal proteins have been linked to secretion, and the specific loss of them impairs the function of different secretory cell types (Jung et al, 2008; DeSelm et al, 2011; Ushio et al, 2011; Sasidharan et al, 2012) . ATG proteins have also been shown to interact with the endocytic pathway in few situations that do not involve autophagy. For example in phagocytic cells, the surface of bacteria-containing phagosomes acquires LC3/Atg8 through the concerted action of a subpopulation of ATG proteins. This process, which has been termed LC3-associated phagocytosis (LAP), promotes the fusion of phagosomes with lysosomes (Sanjuan et al, 2007) . Something similar occurs during entotic cell death, an engulfment programme leading to the elimination of cells into lysosomes. The entotic vacuole membranes surrounding the internalized cells also recruit LC3 through a mechanism that depends on several ATG proteins, but not on autophagosome formation (Florey et al, 2011) .
In their work aimed to understand the function of ATG proteins in goblet cells, Patel et al (2013) show that the autophagy and endocytic machinery converge at the amphisomes to promote the secretion of mucins. In the gastrointestinal tract, secretory cells have a crucial role in providing the mucus barrier that protects against intestinal pathogens. Mucins, the main components of the mucus, are produced in goblet cells where large polymers of these highly glycosylated proteins are packed into secretory granules that accumulate at the apical surface. The release of these mucin granules relies on a series of cellular events that are tightly coordinated. Patel et al (2013) show that knockout mice lacking ATG5 in the intestinal epithelium, that is, Atg5VC mice, exhibit both a dramatic accumulation of mucin granules in goblet cells and a diminished mucus secretion. Taking advantage of a newly developed in vitro system to culture and differentiate intestinal epithelial stem cells into secretory goblet cells, the authors also demonstrate that the ablation of other ATG proteins causes the same phenotype showing that the autophagy machinery is required for mucin secretion in these specialized cells (Patel et al, 2013) . Interestingly, ATG proteins affect the functionality of another gastrointestinal secretory lineage, the Paneth cells. Paneth cells homozygous for the atg16L1 risk allele, associated with Crohn disease, produce less secretory and EEA1) and p22phox and localize near the mucin granules. The formation of these copartments probably prolong and/or enhance the production of ROS by the NADPH oxidase, which in turn increases the levels of cytoplasmic calcium through an unknown mechanism leading to the release of the mucin granules.
The EMBO Journal (2013) 32, 3116-3118 www.embojournal.org granules than in controls (Cadwell et al, 2008) . This suggests that although ATG proteins regulate secretion in the two most abundant secretory lineages in the intestinal tract, two different mechanisms are probably involved. A microarray analysis of mRNA from Atg5VC mouse colonic epithelial cells revealed a possible alteration in the endocytic pathway. Indeed, blocking endocytosis also provoked an accumulation of mucin granules. While LC3B has been previously found on the surface of secretory granules (Ushio et al, 2011; Ishibashi et al, 2012) , immuno-electron microscopy of wild-type mouse intestinal tissue revealed a distribution of LC3B not on mucin granules, but on multivesicular vacuoles positive for several endosomal proteins (Patel et al, 2013) . Because of the morphological and molecular characteristics of these compartments, it appears that the ATG proteins together with the endocytic pathway regulate secretion in goblet cells by converging in what could be a new amphisome-like organelle (Figure 1) .
NADPH oxidases are known to be present in endosomes, and NADPH oxidase-generated reactive oxygen species (ROS) are necessary for LC3 recruitment to phagosomes. (Huang et al, 2009 ). Patel et al (2013) thus explored whether these enzymes played a role in mucin granule secretion in goblet cells. Indeed, expression of a mutant form of p22phox, a transmembrane subunit of several NADPH oxidase complexes, altered the exocytosis of these carriers. Moreover, p22phox was found to localize to Rab5-positive endosomes and also with the observed amphisome-like structures (Figure 1) . Because a mutant form of p22phox also caused a misslocalization of both LC3 and the earlyendosomal marker protein EEA1, the obvious conclusion was that ROS production by endosomes is necessary to trigger the formation of the amphisome-like organelles via the acquisition of the ATG machinery (Figure 1 ). Interestingly, addition of H 2 O 2 that mimics ROS generation was able to induce mucin granule exocytosis in the p22phox mutant cells, showing that ROS was also required to regulate secretion in goblet cells (Patel et al, 2013) . Furthermore, H 2 O 2 bypassed as well the mucin granule secretion defect in autophagy and endocytosis-deficient goblet cells through an increase of cytosolic calcium levels (Patel et al, 2013) . This, together with the observation that the loss of ATG5 and the block of the endocytic pathway impair the production of ROS has led Patel et al (2013) to propose that amphisome-like organelles are a signalling platform, where NADPH oxidase-driven ROS production promotes the release of the mucin granules.
Amphisomes have been characterized and defined as autophagic vacuoles formed upon fusion between autophagosomes and endosomes. Given that ATG and endosomal proteins converge in multivesicular and/or vacuolar compartments resembling amphisomes in cellular processes independent of autophagy, one could consider to use the term amphisomes to describe a more heterogenous and ampler population of unnamed compartments where part of the autophagy and endosomal machineries co-localize. Based on this consideration, the study by Patel et al (2013) has identified an amphisome-like structure where molecular events interconnect to trigger granule secretion. While their work adds to the still limited number of non-degradative roles of the autophagic pathway, which include unconventional secretion (Subramani and Malhotra, 2013) , it is one of the first reports highlighting that amphisomes (or any autophagosomal intermediate structure) could be more than just a transport intermediate, and at least in goblet cells, they could act as a platform where signals integrating some aspects of the cell physiology are elicited.
Though it remains to be establish whether the organelles described by Patel et al (2013) are indeed amphisomes, especially as they are formed by fusion of endosomes with LC3-positive single-membrane vesicles rather than LC3-positive double-membrane autophagosomes, their study raises some intriguing questions. Are these compartments persistent or will they eventually fuse with lysosomes? Why has the cell opted to signal from amphisomes and not from endosomes, where the NADPH oxidases are normally present? Maybe the answer to these questions is hidden in the transient life of amphisomes. In the most classical signalling pathways, the transduction cascade amplifies the initial cue but it also turn it off subsequently through negative feedback loops. This permits to precisely modulate the signal output temporally (and locally). The amphisome-like structures observed in goblet cells could also act as the molecular switch for the signal-stimulating mucin granule secretion. The ROS generated initially from endosomes would trigger the recruitment of LC3 through vesicle fusion events, and the production of this second messenger will be prolonged and/or enhanced in the resulting amphisomes-like structure, leading to a stimulation of mucin granule exocytosis (Figure 1) . The subsequent fusion of the amphisomes with lysosomes could lead to the termination of the signal. Other scenarios, however, cannot be excluded like, for example, the delivery of a protein enhancing the NADPH oxidase activity to the endosomes by the LC3-positive vesicles.
While these are just hypotheses, it is clear that Patel et al (2013) have opened a window on a new and unexplored area of the autophagy field. Future investigations will tell us whether what observed in goblet cells is a unique situation or the intermediate organelles characterizing autophagy can carry out cellular functions different from the one delivering unwanted structures into the lysosome interior for degradation, including to serve as signalling platforms.
